It has been suggested that the dental basement membrane separating the tooth enamel organ from mesenchymal tissues of dental papillae and dental sacs plays an important role in odontogenesis (4) . The chemical composition, origin, and ultimate fate of this membrane, however, remain obscure.
Recent immunofluorescence studies (9, 26) have shown that basement membrane components (laminin and type-IV collagen) are also localized in the dental basement membrane.
As of yet, however, only a limited number of reports (1, 8, 12 ) have demonstrated laminin and type-IV collagen in the tooth germ at the ultrastructural level. The purpose of the present study is to perform immuno-electron microscopic investigations to localize laminin and type-IV collagen in basement membranes obtained from different regions of the continuously forming incisors of young rats. 
RESULTS
In the growing end region of the rat-incisor enamel organ (Fig. 1) , immunoreaction products for laminin and type-IV collagen were observed in the basement membrane and the fibrillar layer attached to it (Figs. 2a, b) . This layer demarcated the inner enamel epithelium from the dental papilla. Coated pits appearing in the plasma membranes of the distal ends of inner enamel epithelium cells contained reaction products (Figs. 2a, b) . Occasionally reaction products for laminin and type-IV collagen were found in the rough endoplasmic reticulum cisternae of inner enamel epithelium cells (Fig. 2c) . In dental papillae, FIG the external surfaces of differentiating dental papilla cells were outlined by reaction products (Figs. 2a, b) . Reaction products were occasionally observed in cisternae of rough endoplasmic reticulum and in perinuclear spaces in dental papilla cells (Fig. 2d) . The collagen fibrils that were randomly distributed in the dental papillae demonstrated no specific reaction products (Fig. 2d) .
In differentiating ameloblasts located on the predentin (Fig. 1) , plasma membrane undulation (Fig.  3a) in the distal ends resulted in deep, irregular invaginations (Fig. 3b) . Various numbers of coated pits were observed in the plasma membrane in these invaginations. Reaction products occurred in both invaginations and coated pits (Figs. 3a, b) . Immunoreactivity in the basement membranes of differentiating ameloblasts was consistently lower than that of the inner enamel epithelium. Reactions gradually became indistinct (Fig. 3a) and discontinuous (Fig.  3b) and disappeared completely when sporadic mineralization occurred in the predentin.
In maturing ameloblasts (Fig. 1) , structures resembling the basement membrane, composed of a lamina lucida and a lamina densa, and lacking a fibrillar layer occurred between the distal ends of cells and the surface of the enamel. Reaction products for laminin antisera were found in this basement membrane-like structure (Fig. 4a) , which, however, lacked reaction products for type-IV collagen (Fig. 4b) . Reaction products for laminin were occasionally seen in cisternae in the rough endoplasmic reticulum of maturing ameloblasts (Fig. 4a) .
Immunoreaction for laminin and type-IV collagen was observed in the basement membrane demarcating the outer enamel epithelium (Figs. 1, 5a, b) and the papillary layer (Figs. 1, 6 ) from the dental sac. Reaction was also observed in the basement membrane of blood capillaries that had penetrated into the papillary layer (Fig. 6) . Reaction products were frequently observed in the perinuclear spaces and rough endoplasmic reticulum cisternae of the outer enamel epithelial cells and in the endothelial cells of blood capillaries in the dental sac (Figs. 5a, b) . Furthermore, toward the incisal end from the stage of matrix formation, a decreasing reaction gradient was noted in the rough endoplasmic reticulum cisternae and the perinuclear spaces (compare Fig. 5a with Fig. 5c ). Reaction products were observed in the plasma membranes of papillary layer cells (Fig. 6 ). In the coated pits, reaction products frequently occurred in distal or lateral plasma membranes of papillary layer cells (Fig.  6) . No definite reaction products were observed, however, in the rough endoplasmic reticulum cisternae and the perinuclear spaces of these cells (Fig. 6 ).
DISCUSSION
As stated in the introduction, neither the precise nature nor the origin of the dental basement membrane, especially the fibrils attached to it, has been elucidated in previous works (2, 3, 15, 16, 22, 24, 25) . The present study clearly detected reaction products to both laminin and type-IV collagen, two major components of the basement membrane (6, 7, 10) , in the inner enamel epithelium basement membrane as well as in the fibrilar layer attached to it. The occasional occurrence of immunoreaction products in the rough endoplasmic reticulum (secretory and membrane protein generating sites) of inner enamel epithelium cells indicates production of the basement membrane components. In addition, reaction products were localized on the outer cell membranes and in the rough endoplasmic reticulum cisternae of differentiating dental papilla cells. Our recent work on monkey tooth germs (unpublished data) produced similar results, which suggest that inner enamel epithelial cells and dental papilla cells are involved simultaneously in the formation of the fibrillar layer. This idea may be supported by recent immunofluorescence studies indicating that interaction of epithelial and mesenchymal cells is essential to basement membrane formation (23, 27).
Previous studies of both human (28) and monkey (18) tooth germs have indicated that the basement membrane and the fibrillar layer attached to it are engulfed and degraded by differentiating ameloblasts. The results of the present study confirm this view by providing additional evidence of the presence of laminin and type-IV collagen in the coated pits and deep invaginations that, together, form an engulfing system on the surfaces of differentiating ameloblasts. Reconfirming the idea just mentioned, in recent simultaneous immuno-and enzymecytochemical work, we have shown that acid phosphatase positive granules, present in inner enamel epithelial cells, increase in number and sometimes appear in proximity to deep invaginations in differentiating ameloblasts (20).
This study did not elucidate the precise nature of the basement membrane-like structure which appeared between the maturing ameloblasts and the enamel surface (Fig. 4a) . Reaction products for laminin antisera were localized in this structure and in rough endoplasmic reticulum cisternae of the ameloblasts. The reason for the absence of type-IVcollagen staining in this structure remains unclear, although it may be related to a complete hindrance of the antigenic exposure of type-IV collagen by other molecules (blocking) or perhaps to a lack of the antigen (17). It could be another possibility that the immunogenicity required for the detection of type-IV collagen in the basement membrane-like structure decreases easily during tissue preparation: for instance, during the EDTA demineralization procedure. On the basis of our results, it can be said that the structure resembling the basement membrane differs in nature from other dental basement membranes.
The present study frequently demonstrated reaction products to both laminin and type-IV collagen in the rough endoplasmic reticulum cisternae including the perinuclear spaces of outer enamel epithelial cells. It may be assumed, therefore, that both laminin and type-IV collagen are actively synthesized by outer enamel epithelial cells in the basal area of the incisor. This phenomenon may account for the production, in large quantities, of the components required to form the papillary layer basement membrane and may result in an enlargement of surface areas coming into contact with the dental sac and its capillaries. The lack of definite reaction products in these organelles of the papillary layer cells may be explained either by extremely slow turnover rate and synthesis of these two substances, as has been suggested by others (12), or by the cessation of their production. The precise stage at which cells cease such production, however, remains unsolved.
Taken together, these results indicate that dental basement membranes are dynamically metabolized during tooth formation. Although its exact function is unknown, the basement membrane in the rat incisor may be involved directly or indirectly in the control of tooth formation.
